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INTRODUCTION
Sustainability of urban infrastructure systems is starting to attract significant attention (Lundie et al. 2004) . Over the last 20 years there has been a debate amongst economists about the use of a discount rate in the present value analysis of greenhouse gas related projects. One camp of economists stridently adhere to using the cost of capital (usually in the range of 6 to 8%) as the discount rate for the evaluation of projects. Other economists have suggested using a social discount rate ranging from zero, or a constant value that is lower than the cost of capital or a declining discount rate over time. Weitzman (2007) suggests that "The idea behind analyzing climate change projects by converting future costs and benefits into present discounted values is that society has alternative investment opportunities, whose proxy rate of return is the discount rate, representing alternative capital-accumulation opportunities throughout the rest of the economy that would compensate us for the economic losses suffered from climate change."
A very significant milestone in the sustainability and greenhouse gas debate was The Stern Report: The Economics of Climate Change (2006) . Gordon Brown, then UK Chancellor of the Exchequer, commissioned the Stern Review in July 2005. Sir Nicholas Stern was Head of the Government Economic Service in the UK and Adviser to the British government on the economics of climate change (Carter et al. 2006 ). More than 20 officials under the direction of Sir Nicholas plus a number of consultants worked on the review. Jensen and Webster (2007) conclude that Stern has two messages: first, global warming is occurring; and, second, it is being induced by emissions of carbon dioxide (CO 2 ), methane and other 'greenhouse' gases. The main economic message from the Stern Review is that climate change will seriously curtail economic growth (Jensen and Webster 2007) . The noted Stanford University Professor Emeritus of Economics and Nobel laureate, Arrow (2007) described Sir Nicholas Stern as "a top-flight economist." Arrow agrees with the Stern Report argument that huge future costs of global warming can be avoided by incurring relatively modest costs today (Arrow 2007) .
The objective of this paper is to explore some of the arguments posed about the discount rate and then to explore the implications for evaluating water distribution system projects that involve pumping. The question also arises as to whether intergenerational equity is achieved for the selection of a particular discount rate. Is it fair to pass onto future generations both the extra costs and the additional greenhouse emissions? Many of the arguments put in this paper are based on Weitzman's paper (2007) which I believe provides compelling arguments for taking action on climate change via a reduction of the discount rate used for present value analysis.
FUTURE IMPACTS OF CLIMATE CHANGE
According to the evidence presented in the Stern Review, CO 2 concentration levels have gone from 280 parts per million (ppm) at the time of the industrial revolution to 380 ppm today. When consideration is taken of other greenhouse gases emitted by human activity, the level of CO 2 equivalent (CO 2 -e) concentration is 430 ppm and rising at 2.3 ppm per year. The level of CO 2 -e concentration is higher than at any time over the last 800,000 years (Jensen and Webster 2007) . The Stern Review predicts that dire consequences will occur if the concentration of CO 2 -equivalent greenhouse gases in the atmosphere exceeds 550 ppm and recommends that immediate drastic and decisive action be taken to progressively cut emissions by 3% per annum over the next century. This would make temperatures a hundred years from now higher with an expected temperature rise of E[ΔT] ≈ 2°C and would (hopefully) stabilise future temperatures permanently thereafter at ΔT ≈ 3°C (Weitzman 2007) . To achieve such reductions of emissions, The Stern Review recommended that a very low discount rate of 1.4% be used for evaluating projects that lead to the production of greenhouse gases. Since the early 1990s there have been a number of economists who have proposed similar ideas to Stern proposing that either low discount rates or a declining discount with time should be used in life cycle analysis of projects associated with greenhouse gases. In fact, Weitzman (2007) The main finding of the Stern Review was that the cost of continued greenhouse gas emissions at the current rate is large enough (equivalent to 5-20 per cent of global Gross Domestic Product (GDP) per year, now and forever) to warrant substantial and immediate action to move the globe to a low carbon position (Jensen and Webster 2007) . Stern estimates that the cost of mitigating policies should be limited to around 1 per cent of global GDP. Stern argues, there exists the distinct possibility of serious and perhaps irreversible damage to ecosystems, societies and economies. Arrow (2007) suggests that "we are much better off reducing carbon dioxide emissions substantially than risking the consequences of failing to act, even if, unlike Stern, one heavily discounts uncertainty and the future." Weitzman (2007) 
xv)."
The Stern Review adopts an international perspective on climate change- Jensen and Webster (2007) suggests that it argues correctly that it is a global problem which requires a global solution. The Stern Review argues that climate change is a market failure with some atypical characteristics. Jensen and Webster (2007) describe the characteristics as: (i) climate change being a large (in fact very large) externality, (ii) impacts in the future depend on stocks of CO 2 -e emissions in the atmosphere rather than flows of CO 2 -e and (iii) the size and timing of environmental impacts of global warming are uncertain. Weitzman (2007) lists a number of threshold-crossing possible disasters associated with abrupt largescale irreversible changes in the climate system that are associated with detrimental effects of global warming (as described by the Stern Review). These include:
• collapse of Greenland and West Antarctic ice sheets (There is considerable uncertainty of the temperature at which this would occur.) • weakening or even reversal of thermohaline circulations that might radically affect such things as the Gulf Stream and European climate • runaway climate-sensitivity amplification of global warming due to positive-reinforcing multiplier feedbacks (including, but not limited to, loss of polar albedo, weakened carbon sinks and rapid releases of methane from the thawing of arctic permafrost)
• sea level dynamics, drowned coastlines of unknown magnitude • very different and possibly extreme weather patterns including droughts and floods • ecosystem destruction • mass species extinctions • big changes in worldwide precipitation patterns and distribution of fresh water • tropical crop failures • large-scale migrations of human populations • humidity-nourished contagious diseases Such rare disasters are far out in the right tail of the probability distributions for very high temperature increases ΔT by 2105. Weitzman (2007) suggests that the cost of the disasters above from high-ΔT scenarios more properly constitutes uncertainty than risk, because the scale and probability of these disasters are both unknown. He says it is very difficult to estimate tail probabilities of high-ΔT outcomes as the rarer the event the more unsure is the estimate of its probability. There is little doubt that the worstcase scenarios of global-warming catastrophes are genuinely frightening. Jensen and Webster (2007) refer to "a common, but unproven, view among scientists that many changes will be sudden (discontinuous) rather than incremental." Jensen and Webster (2007) suggest that there is no data to calculate the probabilities for unprecedented events (and catastrophes) which might occur if temperatures rise more than 2 degrees Celsius. The question arises as to how much insurance we need to buy to offset a small change of a ruinous catastrophe that is difficult to compensate for by ordinary savings (Weitzman 2007) . Weitzman (2007) also suggests that "investors are disproportionately afraid of rare disaster -people are willing to pay high premiums for relatively safe stores of value that might represent "catastrophe insurance" against out-of-sample or newly evolved rare disasters." In addition, Jensen and Webster (2007) suggest that these long time horizons bring into play the ethically complex interpersonal intergenerational comparisons instead of the more straight forward intrapersonal intertemporal comparisons that are usually made. Jensen and Webster (2007) also point out that "Since there is no parallel global government there is no obvious authority to correct the externality through the usual channels. Every country has an incentive to free ride." Based on point (ii) above, the damage by greenhouse gases being done today is a result of accumulations over the last 100 years. The same will be true over the next century. Jensen and Webster (2007) concluded that it is the very long time lags in both the damage caused by CO 2 -e emissions and policies to mitigate climate change that make discounting and investment decisions so dramatic. Finally, Jensen and Webster (2007) conclude that The Stern Review's models predict that a conservative impact of 'business-as-usual' climate change will be an ongoing 5 per cent annual loss of Gross Domestic Product (GDP) compared with a 'no-climate-change' world. This impact may be as high as 20 per cent if catastrophic climatic events and non-market impacts are incorporated. Weitzman (2007) 
PRESENT VALUE ANALYSIS
The focus of this paper is to explore the implications of using discount rates that are possibly significantly lower than the cost of capital for the evaluation of the design and operation of water distribution systems. This is particularly important in the consideration of the design of new systems that involve pumping. The usual present valuation analysis approach considers the trade-off between capital cost and a series of annual operating costs (due to the purchase of electricity) over the lifetime of the project. Every costbenefit analysis is an exercise in subjective uncertainty (Weitzman 2007 ).
Weitzman (2007) says of the Stern Review that it consistently leans towards assumptions and formulations that emphasise optimistically low expected costs of climate change mitigation and pessimistically high expected damages from greenhouse warming-relative to most other studies of the economics of climate change. However, he also believes that far more crucially, the key assumption that drives the strong conclusions of the Stern Review "is the mundane fact that a very low interest rate is postulated, with which distant-future benefits and costs are then discounted." Thus the selection of the discount rate becomes central to consideration of measures to evaluate the reduction of greenhouse gases into the future. In addition, Weitzman (2007) suggests "that the biggest uncertainty of all in the economics of climate change is the uncertainty about which interest rate to use for discounting. … it needs to be more widely appreciated by economists at large." An interesting view of a high interest rate is give by Weitzman (2007) : "the higher the interest rate the stronger the desire to move toward getting more pleasure now at the expense of postponing more pain until later."
Translation of a future cost or benefit back to a present value depends on the discount rate and the time in the future that is being considered. The present value (PV) of a future payment can be calculated using the following exponential discounting equation (Wu 2008a ):
where, C is the payment on a given future date; t is the number of periods and i is the discount rate. Similarly, the present value of a stream of costs with a specified number of fixed periodic payments can be expressed as:
where, C is the periodic payment that occurs at the end of each period; n is the number of periods and i is the discount rate. The selection of the value of the discount rate has a significant impact on the result of present value analysis, and is therefore extremely important. The higher the discount rate, the smaller the present value of a future sum, which means that more weight is placed on the costs and benefits at present in comparison to the costs and benefits in the future (Bazelon and Smetter, 2001 (Lind, 1990 as quoted by Rambaud and Torrecillas 2005) . In contrast, lower discount rates will lead people to choose programs with higher net benefits in the distant future (Rambaud and Torecillas 2005) . Rambaud and Torecillas (2005) suggest that for private projects, market interest rates or investment rates of return are usually used as the discount rate. In contrast they also suggest that for public projects different criteria be considered including:
• adoption of a social cost-benefit analysis, and then a social discount rate • consideration of social benefits as profits in long-term public projects, e.g. increase in the quality of life • consideration that these costs and benefits are not equally distributed between generations
There are a range of discount rates used by Governments as given in Rambaud and Torrecillas (2005) in Table 1 . Weitzman (1994 Weitzman ( , 1998 argued in favour of ''a social rate of return that is not only lower than the private rate of return, but that is expected to decline systematically over time.'' The UK was the first government to recommend a declining discount rate in 2003. Time declining discount rates are supported by Rambaud and Torrecillas (2005) for the following reasons: 1) uncertainty about the future 2) future fairness and 3) observed individual choice. (2003) The dramatic effect of varying the discount rate is demonstrated in Table 2 for a series of annual costs of $100,000 per annum over the next 100 years. Even though the interest rate of 1.4% appears to be close to zero (compared with 8%) there is still a 46% reduction in the present value of the operating actual costs in Table 1 when an interest rate of 1.4% is used rather than a zero percent interest rate. The reduction in the value of future costs is very significant for the 8% discount rate, being only 12% of the total costs. For the 8% discount rate, the $100,000 cost in the 50 th year is reduced to about 2% of its original value ($2,132) while this cost in the 100 th year is reduced to only $45. Note there is not a lot of difference between the results of the discounted present value for the 6% and 8% discount rates. 
MAKEUP OF THE DISCOUNT FACTOR
A more formal presentation of the basic elements that make up the discount rate is given by Weitzman (p. 706 
where r is the interest rate, δ is the rate of pure time preference, g is the per capita growth rate of consumption, and η is the elasticity of marginal utility, or, equivalently, the coefficient of relative risk aversion. Weitzman (2007) states that "the parameters δ and η capture two critical aspects of "tastes" (or "preferences") 
. Such a modeling framework has to take account of ethical judgements on the distribution of income and how to treat future generations."
The "ethical judgements" in the above quote about "how to treat future generations" is Stern-speak for picking δ = 0, while the "ethical judgements on the distribution of income" is Stern-speak for picking η = 1.0 (Weitzman 2007 Weitzman (2007) frames the issue as being one where the question as to which rate of return to choose for discounting a project comes down to the extent to which the payoffs from the project are proportional (use a risky economy-wide interest rate) to or independent (use a risk free interest rate) from returns to investments for the economy as a whole. Weitzman (2007) concludes that there is an economic rationale by which greenhouse-warming damages are as much uncorrelated as they are correlated with aggregate economic activity. Using this equally correlated/equally uncorrelated argument as a basis he derives an interest rate of 1.7% (which is close to the Stern interest rate). Weitzman (2007) 
THE CASE FOR A LOWER DISCOUNT RATE
As alluded to the previous section, Weitzman (2007) comprehensively reviews the Stern Review, its analysis methods and its conclusions. He concentrates on trying to distill the Review down to what he thinks is its analytical essence as a piece of applied cost-benefit analysis. As mentioned in the previous section Weitzman (2007) raised skepticism in relation to the formal analysis in the Stern Review that leads to the conclusion that a low discount rate needs to be used. Weitzman (2007) also says that he believes that "we are actually a lot less sure about what discount rate should be used for discounting climate change than is currently acknowledged." Furthermore he analyzes the issue raised in the Stern Review of the importance of avoiding possible large uncertainties that are difficult to quantify. Weitzman (2007) suggests that the Stern Review may have used the wrong methods but had come up with the right answer regarding the use of a low discount rate for economic analysis. (Weitzman 2007 , Stern 2006 ). This appears to be too great a risk.
Weitzman (2007) argues that "standard approaches to climate change (even those that purport to treat uncertainty) fail to account fully for the implications of large consequences with small probabilities and that structural parameter uncertainty that manifests itself in the thick tails of reduced-form probability distributions-not risk-is what likely matters most." Probabilities in the tails are in the unknown territory of subjective uncertainty. Estimates of the probability distributions are diffuse because the frequencies of rare events in the tails cannot easily be defined by previous experiences, past observations, or computer simulations (Weitzman 2007 ).
Weitzman (2007) suggests that the most worrying aspect of Eq. 3 is the omission of uncertainty considerations. Weitzman (2007) posed the following argument. Consider that we are not sure as to whether Stern is correct or his critics are regarding the discount rate that should be used for discounting costs and benefits a hundred years or so from now. Interest rates under uncertainty do not aggregate arithmetically. A 50% chance of r = 6% and a 50% chance of r = 1.4% does not lead to an average of r = 3.7%. The discount factors need to be averaged rather than the discount rates. A 50% chance of a discount factor of e −6 a century hence and a 50% chance of a discount factor of e −1.4 a century hence make an expected discount factor of (0.5e
+ 0.5e −1.4 ) a century hence, which, is equivalent to an effective interest rate of r = 2 percent (Weitzman 2007) . Thus the result is a discount factor that is in fact a lot closer to the Stern value of 1.4% and is not anywhere near the arithmetic average of r = 3.7 percent. Finally Weitzman (2007) concludes that "The moral of this story is that the Stern value may end up being more right than wrong when full accounting is made for the uncertainty of the discount rate itself …. and that over such long periods we should be using interest rates at the lower end of the spectrum of possible values." Arrow (2007) states that a straightforward calculation shows that mitigation is better than business as usual --that is, the present value of the benefits exceeds the present value of the costs --for any social rate of time preference less than 8.5 percent. No estimate of the pure rate of time preference, even by those who believe in relatively strong discounting of the future, has ever approached 8.5 percent. Trying to forecast costs and benefits of climate change scenarios a hundred years or so from now is more the art of inspired guesstimating by analogy than a science (Weitzman 2007) .
THE ARGUMENT FOR BUSINESS AS USUAL
The analysis presented in the Stern Report has been criticised by a number of economists (for example Dasgupta 2007 , Nordhaus 2006 ) who believe that market interest rates should be used as the discount rate in the life cycle analysis of projects that involve both capital costs and operating costs. Such a strong call by the Stern Review to immediate decisive action in reducing greenhouse gas emissions is at odds with what most other economic analyses of climate change have concluded (Weitzman 2007 (Weitzman 2007 ). Weitzman (2007) also says there is no escaping the impact of higher interest rates on undoing the Review's extreme policy conclusions. Carter et al. (2006) and Byatt et al. (2006) are critical of both the science and economics portrayed in the Stern Review and suggest that "In dealing with the economic aspects which form its main concern, it develops a closely constructed argument of its own." Stern's estimate of the damage caused by greenhouse gas emissions is also larger than most previous estimates, and as a result it is perhaps not surprising that the Stern Review attracted considerable criticism. (Jensen and Webster 2007) .
THE RECOMMENDATION FOR WATER DISTRIBUTION SYSTEM DESIGN
Consider the use of a discount rate of say 6% or 8% over a design life of say 100 years (demonstrated in Table 2 previously). From year 40 onwards of a project's life the costs or benefits end up being so heavily discounted that they play little role in the present value analysis of a project. Thus, for the use of this level of interest rate there is a tendency to build water distribution systems with small pipes and large pumps to minimise the initial capital cost because the operating costs are reduced significantly due to discounting. The disadvantage is that future generations are burdened with the operating costs due to pumping the friction head loss component of the pumping head. The associated disbenefit is the extra greenhouse gases produced due to the additional pumping head that needs to be overcome.
The water industry needs to contribute its fair share to reduction of greenhouse gas emissions. For pumping systems use of a discount rate lower than the cost of capital is suggested (for example the value proposed by Stern Review of 1.4%). This will minimise friction losses in pumping systems. The downside will be the slightly higher initial capital cost but the upside will be reduced pumping costs into the future and, more importantly, reduced greenhouse gas emissions due to pumping. Weitzman (2007) (Weitzman 2007 ).
When water distribution system projects are evaluated it is recommended that a sensitivity analysis for a range of discount rates based on a multi-objective optimisation analysis should be used to assess the impact of value of the discount rate and the subsequent resulting designs (Wu et al. 2008a (Wu et al. , 2008b (Wu et al. , 2008b ). This will provide the decision maker with the tradeoff between cost and greenhouse gases associated with a particular project. In addition the impact of selecting various discount rates for the present value analysis will be apparent.
Another important aspect in the evaluation of projects is carbon pricing. This is also an important conclusion from the Stern Review as noted by Weitzman (2007) 
SUMMARY AND CONCLUSIONS
The possible outcomes of significant global warming over the next century due to climate change is extremely uncertain. One thing that is certain is that the concentration of CO 2 -equivalent gases in the Earth's atmosphere has been increasing dramatically over the last century and continues to grow at alarming rates. Climate change models are predicting a temperature rise of between 2 and 6 degrees Celsius unless action is taken to reduce emissions. The Stern Review has raised the level of debate in relation to how quickly we need to act and what parameters we should be using for analysis of projects with greenhouse gas implications. This paper has considered the impact of the selection of the discount rate for present value analysis of water distribution system projects that involve pumping. Present value analysis is used to bring a future stream of pumping operating costs over the design life of the project back to a present value to be added to the capital cost. Selection of the size of large pipes are traded off against the cost of pumping the friction head component of the pumping head. Based on the arguments of Stern (2006) and Weitzman (2007) it is recommended that discount rates that are lower than the cost of capital should be used for present value analysis of water distribution system projects.
